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CHARACTERISTIC VALUE VARIABLE
DYNAMIC VIBRATION ABSORBER AND
CHARACTERISTIC VALUE VARIABLE
VIBRATION ISOLATOR

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C. §
119 to Japanese Patent Application No. 2016-015433, filed
Jan. 29, 2016, entitled “characteristic value wvariable
dynamic vibration absorber and characteristic value variable
vibration 1solator.” The contents of this application are
incorporated herein by reference 1n their entirety.

TECHNICAL FIELD

The present disclosure relates to a characteristic value
variable dynamic vibration absorber and a characteristic
value variable vibration 1solator to restrain vibration of a
vibrating body.

BACKGROUND

Heretofore, a dynamic damper (characteristic variable
dynamic vibration absorber) has been widely used to reduce
the vibration of a machine. This 1s a part composed of a
spring and a mass having a characteristic frequency which 1s
the same as the frequency of a vibration in question, and
reduces the vibration in question by use of: vibrating with an
opposite phase to the vibration in question; and the nertia
force of the mass.

Here, the following relationship 1s satisfied:

fFwo2a=(127W (K/M),

where 1 denotes a characteristic frequency (natural fre-
quency), o denotes a characteristic value, K denotes a spring
constant, and M denotes a mass.

A dynamic damper typically used vibrates with an oppo-
site phase to that of an input vibration at a characteristic
frequency 1 which 1s determined by the ratio between a
movable mass N and a spring constant K, and uses the inertia
force of the mass M 1n order to reduce the vibration. Hence,
one dynamic damper needs to be used for one frequency 1n
question. Further, in the case of using multiple dynamic
dampers, 11 the characteristic frequencies 1 of these dynamic
dampers are close to one another, they might interfere with
cach other and increase the vibration instead of reducing it.

Meanwhile, 1n the case of reducing a vibration noise
which 1s a problem caused by the vibration of an engine,
several Irequencies i1n question sometimes exist due to
variation of a frequency in question in synchronization with
an engine speed.

Thus, in order to achieve a dynamic damper whose
characteristic frequency 1 1s variable, a dynamic damper
using a magneto-rheological elastomer (MRE) as a spring 1s
proposed (see International Patent Application Publication
No. W0O2012/026332, for example). This 1s a technique for
varying the rigidity of a rubber, mixed with magnetic
substances, by controlling the strength of a magnetic field
generated by an electric current flowing through a coil.

SUMMARY

However, the structure of the variable dynamic damper
using the MRE has the following problems especially when
the damper 1s used 1n a low frequency area because the
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2

movable mass 1s relatively heavy and the spring holding the
mass needs to be set to have low spring characteristics.

(a) Because the spring characteristics of a rubber consti-
tuting a basis of the MRE are set low 1n order to set the
characteristic value at a low value, holding the movable
mass becomes diflicult. This makes the movable mass hang
down by 1ts own weight, causing an unusual noise due to
interference or the like.

(b) The temperature of the MRE 1s increased by heat
generation from the coil and the environment of the location
where 1t 1s used, which further degrades the spring charac-
teristics of the rubber being the basis of the MRE, causing
a problem 1n terms of durability.

(c) Unevenness in characteristics among MREs caused
during mass production process makes 1t diflicult to manage
the characteristics of these parts.

It 1s preferable to provide a characteristic value variable
dynamic vibration absorber and a characteristic value vari-
able vibration 1solator capable of solving the above prob-
lems.

[1] A characteristic value varniable dynamic vibration
absorber according to a first aspect of the present disclosure
1s a characteristic value variable dynamic vibration absorber
including: a vibration damping target member that vibrates;
and a movable mass that is elastically-coupled to the vibra-
tion damping target member via a magneto-rheological
clastomer as a first elastic member having elastic character-
1stics variable with a magnetic field, and being capable of
varying a vibration characteristic value of the movable mass
by controlling the magnetic field, the dynamic vibration
absorber being characterized in that 1t has a second elastic
member different from the magneto-rheological elastomer,
and the vibration damping target member and the movable
mass are elastically-coupled to each other via the second
clastic member.

This makes 1t possible for the dynamic vibration absorber
to restrain the movable mass from moving downward rela-
tive to 1ts reference position due to gravity, and restrain
upper and lower parts of the movable mass from becoming
asymmetrical due to age deterioration of the elastic member,
whereby the characteristic value variable dynamic vibration
absorber can favorably exhibit 1ts vibration damping char-
acteristics.

[2] In the first aspect of the present disclosure, the
dynamic vibration absorber may be configured such that the
second elastic member 1s formed from a plate spring made
ol a magnetic substance material, the movable mass forms
a closed magnetic path together with the first elastic member
and the second elastic member, and the dynamic vibration
absorber varies the vibration characteristic value of the
movable mass by controlling the magnetic field in accor-
dance with the vibration of the vibration damping target
member.

The formation of the closed magnetic path with a mag-
netic substance material enables a magnetic field to act on
the magneto-rheological elastomer efliciently, thereby
achieving power-saving and eflicient vibration damping
characteristics.

[3] In this case, the plate spring may include multiple
cutout portions that are arranged radially. This enables
accurate transmission of a magnetic field in the magnetic
path formed between the vibration damping target member
or mounting members and the movable mass 1n the closed
magnetic path.

[4] In the first aspect of the present disclosure, the
dynamic vibration absorber may be configured such that 1t
includes an electromagnet capable of controlling the mag-
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netic field, and the electromagnet 1s elastically-coupled to
both of the first elastic member and the second elastic
member. Since the first elastic member and the second
clastic member are elastically-coupled to the electromagnet
directly, 1t 1s possible to form a closed magnetic path
ciiciently with a small number of components.

[5] A characteristic value variable dynamic vibration
absorber according to a second aspect of the present disclo-
sure 1s a characteristic value variable dynamic vibration
absorber including: a vibration damping target member that
vibrates; a mounting member that 1s coupled to the vibration
damping target member; a first electromagnet and a second
clectromagnet that are equipped in the mounting member
and configured to generate magnetic fields 1 opposite
directions; and three or more multiple elastic members that
clastically-couple the mounting member and the movable
mass to each other, and being capable of varying a vibration
characteristic value of the movable mass by controlling the
magnetic field of the first electromagnet and/or the magnetic
field of the second electromagnet in accordance with vibra-
tion of the vibration damping target member, the dynamic
vibration absorber being characterized 1n that at least one of
the multiple elastic members 1s formed from a magneto-
rheological elastomer.

Since the elastic members elastically-coupled to the mov-
able mass can be set symmetrically, 1t 1s possible to reduce
a noise lactor such as a diflerence in displacement between
upper and lower (left and right) parts of the movable mass,
thereby achieving eflicient vibration damping characteris-
tics.

[6] In the second aspect of the present disclosure, the
dynamic vibration absorber may be configured such that at
least one of the multiple elastic members 1s made of the
magneto-rheological elastomer and the remaiming multiple
clastic members are formed from a plate spring made of a
magnetic substance material, and the movable mass forms a
first closed magnetic path together with the first electromag-
net and forms a second closed magnetic path together with
the second electromagnet.

Since the dynamic vibration absorber includes the mul-
tiple closed magnetic paths for controlling the magneto-
rheological elastomer, a bundle of magnetic fields can act on
the magneto-rheological elastomer, thereby achieving
power-saving and efhicient vibration damping characteris-
tics. Moreover, since the dynamic wvibration absorber
includes the multiple closed magnetic paths for controlling
the multiple magneto-rheological elastomers, the dynamic
vibration absorber can be set to have appropriate elastic
characteristics by controlling the strength of magnetic fields
to act on these closed magnetic paths.

7] In this case, the plate spring may include multiple
cutout portions that are arranged radially. This enables
accurate transmission ol magnetic fields in the magnetic
paths formed between the vibration damping target member
or mounting members and the movable mass 1n the closed
magnetic paths.

[8] In addition, the dynamic vibration absorber may be
configured such that the first electromagnet and the second
clectromagnet are elastically-coupled to the multiple elastic
members. Since the multiple elastic members are elastically-
coupled to the first electromagnet and the second electro-
magnet directly, 1t 1s possible to form closed magnetic paths
ciiciently with a small number of components.

[9] A characteristic value wvariable vibration 1solator
according to a third aspect of the present disclosure 1s a
characteristic value variable vibration isolator 1including: a
first mounting member that 1s coupled to the vibration
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1solator on a side thereof close to a vibration source; a
second mounting member that 1s coupled to the vibration
1solator on a side thereof close to a vibration damping target
member vibrating with the vibration source; and a first
clastic member and a second elastic member that elastically-
couple the first mounting member and the second mounting
member to each other, the vibration isolator being charac-
terized 1n that the first elastic member 1s made of a magneto-
rheological elastomer having elastic characteristics variable
with a magnetic field, and the second elastic member 1s an
clastic member different from the magneto-rheological elas-
tomer.

This makes 1t possible for the vibration 1solator to restrain
the movable mass from moving downward relative to its
reference position due to gravity, and restrain upper and
lower parts of the movable mass from becoming asymmetri-
cal due to age deterioration of the elastic member, whereby
the characteristic value variable vibration 1solator can favor-
ably exhibit 1ts vibration damping characteristics.

[10] In the third aspect of the present disclosure, the
vibration 1solator may be configured such that the second
clastic member 1s formed from a plate spring made of a
magnetic substance material, the movable mass forms a
closed magnetic path together with the first elastic member
and the second elastic member, and the vibration isolator
varies the vibration characteristic value of the movable mass
by controlling the magnetic field 1n accordance with the
vibration of the vibration source.

The formation of the closed magnetic path with a mag-
netic substance material enables a magnetic field to act on
the magneto-rheological elastomer efliciently, thereby
achieving power-saving and eflicient vibration damping
characteristics.

[11] In this case, the plate spring may include multiple
cutout portions that are arranged radially. This enables
accurate transmission of a magnetic field in the magnetic
path formed between the vibration damping target member
or mounting members and the movable mass 1n the closed
magnetic path.

[12] In the third aspect of the present disclosure, the
vibration 1solator may be configured such that 1t includes an
clectromagnet capable of controlling the magnetic field, and
the electromagnet 1s elastically-coupled to both of the first
clastic member and the second elastic member. Since the
first elastic member and the second elastic member are
clastically-coupled to the electromagnet directly, 1t 1s pos-
sible to form a closed magnetic path efliciently with a small
number ol components.

For example, the following effects may be achuieved by
embodiments.

(1) Since one embodiment includes the second elastic
member different from the MRE, the spring characteristics
can be managed with the second elastic member.

(2) The effect (1) makes it easy to manage the character-
1stic value of the dynamic vibration absorber 1n a state where
no magnetic field 1s applied, and makes small the variation
in the characteristics of the dynamic vibration absorber due
to temperature and the like.

(3) One embodiment exhibits very high durability perfor-
mance 1n a minute oscillation range, which 1s helpiul n
restricting its displacement during large oscillation.

(4) It 1s possible to achieve, at low cost, a dynamic
vibration absorber and a vibration 1solator, 1n particular a
characteristic value variable dynamic vibration absorber and
a characteristic value variable vibration isolator whose char-
acteristics are easy to manage and whose durability perfor-
mance 1s high.
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(5) Power-saving and eflicient vibration damping charac-
teristics can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a vertical sectional view illustrating the con-
figuration of a characteristic value variable dynamic vibra-
tion absorber according to a first embodiment of the present
disclosure (first dynamic vibration absorber), and FIG. 1B 1s
an explanatory diagram illustrating the operation of the first
dynamic vibration absorber.

FIG. 2A 1s a plan view 1llustrating a first configuration
example of a first elastic member (fitth elastic member, sixth
clastic member) showing its upper face, FIG. 2B 1s a plan
view 1llustrating a second configuration example of the first
clastic member (fifth elastic member, sixth elastic member)
showing 1ts upper face, and FIG. 2C 1s a plan view 1llus-
trating a second elastic member (third elastic member, fourth
clastic member) showing 1ts upper face.

FIG. 3 1s a block diagram illustrating an example of a
control operation of the first dynamic vibration absorber.

FIG. 4A 1s a vertical sectional view 1illustrating the con-
figuration of a characteristic value variable dynamic vibra-
tion absorber according to a second embodiment of the
present disclosure (second dynamic vibration absorber), and
FIG. 4B 1s an explanatory diagram 1llustrating the operation
of the second dynamic vibration absorber.

FIG. SA 1s a vertical sectional view illustrating the con-
figuration of a characteristic value variable dynamic vibra-
tion absorber according to a third embodiment of the present
disclosure (third dynamic vibration absorber), and FIG. 5B
1s an explanatory diagram illustrating the operation of the
third dynamic vibration absorber.

FIG. 6 1s a vertical sectional view illustrating the con-
figuration of a characteristic value variable dynamic vibra-
tion absorber according to a fourth embodiment of the
present disclosure (fourth dynamic vibration absorber).

FIG. 7 1s a vertical sectional view illustrating the con-
figuration of a characteristic value variable vibration 1solator
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Hereinbelow, embodiments of a characteristic value vari-
able dynamic vibration absorber and a characteristic value
variable vibration 1solator according to the present disclo-
sure are described with reference to FIGS. 1A to 7.

First, as 1llustrated in FIG. 1A, a characteristic value
variable dynamic vibration absorber according to a first
embodiment of the present disclosure (hereinafter stated as
a “first dynamic vibration absorber 10A”) has: a base 14 that
1s mounted on a vibration damping target member 12
(1llustrated with a chain double-dashed line); a housing 16
that 1s installed on the base 14 and has a closed upper face;
a first elastic member 18A that has elastic characteristics
variable with a magnetic field; a second elastic member 18B
that 1s made of a material different from that of the first
clastic member 18A; a mass member 20 that 1s elastically-
coupled to the vibration damping target member 12 via at
least the first elastic member 18A and the second elastic
member 18B; and an electromagnet 22 (exciting coil) that 1s
configured to apply a magnetic field on the first elastic
member 18A. Assuming the case of a vehicle, examples of
the vibration damping target member 12 include: a subirame
on which an engine as a vibration generation source 1s
installed; a body main frame near an engine mount; and the

like.
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For example, the first elastic member 18 A has a configu-
ration such as one illustrated 1n FIG. 2A and one illustrated

in FIG. 2B. Specifically, the first elastic member 18A

illustrated 1n FIG. 2A 1s formed in an annular shape, has
magnetic particles 24 inside, and 1s made of a magneto-
rheological elastomer (hereinafter stated as the MRE) whose
clastic modulus 1s variable with the strength of a magnetic
field to be applied thereon. The MRE has: an elastic material
26 that has the viscoelasticity of matrix (matrix elastomer);

and the multiple conductive magnetic particles 24 that are
dispersed inside the elastic material 26. The conductive
magnetic particles 24 are dispersed inside the elastic mate-
rial, and 1ts elastic modulus varies with the strength of a
magnetic field to be applied thereon. The first elastic mem-
ber 18A 1illustrated in FIG. 2B has a configuration where
multiple magnetic particle arrays 27, each made by aligning
the magnetic particles 24 1n a radial direction, are arranged
radially inside the annular elastic material 26. Both of the
configuration illustrated 1n FIG. 2A and the configuration
illustrated 1n FIG. 2B can vary the apparent rigidity by the
strength of a magnetic flux 1n the radial direction; however,
the configuration as illustrated 1n FI1G. 2B where the multiple
magnetic particle arrays 27 are arranged radially has an
advantage 1n that it can vary the elastic modulus with respect
to the strength of the magnetic flux more ethiciently.

For example, as illustrated in FIG. 2C, the second elastic
member 18B 1s formed from a plate spring 28 made of a
magnetic substance material, has a circular outer shape, and
integrally has: an outer circumierential side annular portion
28a; an 1mner circumierential side annular portion 2856, and
multiple beam portions 28¢ that are formed between the
outer circumierential side annular portion 28a and the inner
circumierential side annular portion 285. In other words, the
plate spring 28 has a configuration where multiple cutout
portions 284 are arranged radially, for example.

In addition, as illustrated in FIG. 1A, the first dynamic
vibration absorber 10A has: a first mounting member 30A
for securing the electromagnet 22 on the mmner wall of the
housing 16; and a second mounting member 30B that 1s
configured to swingably support the mass member 20 at the
center of the housing 16.

The first mounting member 30A 1s made of a magnetic
substance material, for example, and has: a tubular portion
32 that 1s placed between the mner circumierential face of
the housing 16 and the outer circumierential face of the
clectromagnet 22; an upper annular portion 34a that is
placed on an upper part of the electromagnet 22; and a lower
annular portion 345 that 1s placed between the upper face of
the base 14 and the lower face of the electromagnet 22. The
outer circumierential face of the upper annular portion 34a
and the outer circumierential face of the lower annular
portion 34b are 1n contact with or formed integrally with the
inner circumierential face of the tubular portion 32.

The second mounting member 30B 1s made of a magnetic
substance material, for example, and has: a disk-shaped
upper support plate 36a that supports the upper face of the
mass member 20; a disk-shaped lower support plate 365 that
supports the lower face of the mass member 20; and a
spindle 38 that 1s secured in the space between the upper
support plate 36a and the lower support plate 366 and made
of a magnetic substance material penetrating the center of
the mass member 20.

The first elastic member 18A 1s placed between the lower
annular portion 345 of the first mounting member 30A and
the lower support plate 365 of the second mounting member

30B.
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The second elastic member 18B 1s placed above the mass
member 20 1n the housing 16. Specifically, the outer cir-
cumierential side annular portion 28a of the second elastic
member 18B 1s secured 1n the space between the upper face
of the electromagnet 22 and the lower face of the upper
annular portion 34a of the first mounting member 30A, and
the inner circumierential side annular portion 286 of the
second elastic member 18B 1s secured by the upper support
plate 36a of the second mounting member 30B. The spindle
38 of the second mounting member 30B is inserted 1n a
central hole 40 (see FI1G. 2C) of the second elastic member
18B.

A winding constituting the electromagnet 22 1s wound
along the circumferential direction of the mass member 20.
In addition, as described previously, the first mounting
member 30A, the second mounting member 30B, and the
second elastic member 18B are made of a magnetic sub-
stance material. That 1s to say, as illustrated 1n FIG. 1B, 1n
the first dynamic vibration absorber 10A, a closed magnetic
path 42 1s formed by the first mounting member 30A, the
first elastic member 18 A, the second mounting member 30B,
and the second elastic member 18B. In other words, the first
dynamic vibration absorber has a configuration where the
first elastic member 18A 1s disposed 1n the closed magnetic
path 42. Accordingly, when a positive drive current 1s flowed
through the winding of the electromagnet 22, for example,
magnetic lines of force 44 directed from an outer circum-
ferential portion to an inner circumierential portion of the
first elastic member 18 A are formed around the electromag-
net 22 as illustrated 1n FIG. 1B. Likewise, although not
illustrated, when a negative drive current 1s flowed through
the winding of the electromagnet 22, magnetic lines of force
directed from the inner circumierential portion to the outer
circumierential portion of the first elastic member 18A are
formed around the electromagnet 22. The strength of a
magnetic field varies with the drive current tlowed through
the winding, and the strength of a magnetic field to be
generated increases as the drive current increases.

Once a magnetic field 1s applied on the first elastic
member 18 A by energizing the winding of the electromagnet
22, the magnetic particles 24 are polarized 1n accordance
with the strength of the magnetic field, and magnetic cou-
pling 1s formed. The elastic modulus of the first elastic
member 18A becomes larger than the elastic modulus (rigid-
ity) ol the elastic material 26 (matrix elastomer) itself by
causing the magnetic particles 24 to be coupled to one
another 1n a chained fashion and foam a mesh structure, for
example. The stronger the magnetic field applied on the first
clastic member 18A 1s, the larger the magnetic coupling
among the magnetic particles 24 becomes, and the larger the
clastic modulus of the first elastic member 18A becomes.
Accordingly, the larger the drive current fed to the winding,
1s, the larger the elastic modulus of the first elastic member
18A becomes, and the less likely the first elastic member
18A 1s to be deformed against a load.

As schematically illustrated 1n FIG. 3, the first dynamic
vibration absorber 10A has a configuration where a movable
mass 46 1s connected to the top of the vibration damping
target member 12 through a spring 48. The movable mass 46
corresponds to the mass member 20 and the second mount-
ing member 30B 1llustrated in FI1G. 1A, and forms the closed
magnetic path 42 (see FIG. 1B) with the {irst elastic member
18A and the second elastic member 18B. The spring 48
corresponds to the first elastic member 18A.

A resonant frequency 1 (characteristic value w) of the first
dynamic vibration absorber 10A formed from the movable
mass 46 and the spring 48 1n FIG. 3 1s:
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F=(12mW(K/M),

where M denotes the mass of the movable mass 46 and K
denotes the spring constant of the spring 48.

Due to 1ts structure, the first dynamic vibration absorber
10A reduces the vibration of the vibration damping target
member 12 by vibrating with an opposite phase to that of the
vibration frequency of the vibration damping target member
12 and using the inertia force of the movable mass 46. In
particular, since the elastic modulus of the first elastic
member 18A varies by the formation of a magnetic field as
described previously, 1t i1s possible to set the resonant
frequency 1 of the first dynamic vibration absorber 10A
equal to the vibration frequency of the vibration damping
target member 12 even if the vibration frequency varies.

Here, an example of a control operation of the first
dynamic vibration absorber 10A is described with reference
to FIGS. 1A, 1B, and 3.

As 1llustrated i FIG. 3, the first dynamic vibration
absorber 10A has a control circuit 50 1n addition to the above
configuration. The control circuit 50 has: an engine speed
sensor 52 that 1s installed 1n a rotary machine of the vehicle;
a drive current determination unit 34; and a power driver 56.
The drive current determination unit 54 1s configured to
determine a drive current value I based on an output (engine
speed) from the engine speed sensor 52 and with reference
to a drive current map 38 1n which the relationship between
the engine speed and the drive current value 1s defined in
advance.

The drive current value I thus determined 1s fed to the
clectromagnet 22 via the power driver 56. Thereby, the first
dynamic vibration absorber 10A vibrates with an opposite
phase to that of the main vibration frequency I of the
vibration damping target member 12. As a result, the vibra-
tion of the vibration damping target member 12 can be
reduced. Specifically, the first dynamic vibration absorber
varies the vibration characteristic value of the movable mass
46 by controlling a magnetic field, generated by the elec-
tromagnet 22, in accordance with the wvibration of the
vibration damping target member 12.

Dynamic vibration absorbers using MRE typically have
the following problems especially when they are used 1n a
low frequency area because the movable mass 46 i1s rela-
tively heavy and the spring 48 holding the movable mass 46
needs to be set to have a low spring constant K.

(a) Because the spring characteristics of the elastic mate-
rial 26 constituting a basis of the MRE are set low 1n order
to set the characteristic value at a low value, holding the
movable mass 46 becomes dithicult. This makes the movable
mass 46 hang down by 1ts own weight, causing an unusual
noise due to interference or the like.

(b) The temperature of the MRE 1s increased by heat
generation from the electromagnet 22 and the environment
of the location where it 1s used, which further degrades the
spring characteristics of the elastic material 26 being the
basis of the MRE, causing a problem 1n terms of durability.

(¢) Unevenness in characteristics among MREs caused
during mass production process makes it dithicult to manage
the characteristics of these parts.

On the other hand, the first dynamic vibration absorber
10A employs, as the structure of supporting the movable
mass 46, the structure using both of the first elastic member
18A made of the MRE and the second elastic member 18B
formed from the plate spring 28 made of a magnetic sub-
stance material, instead of an existing structure using only an
MRE. This brings about the following etlects.
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(1) Since the second elastic member 18B 1s formed from
the plate spring 28 made of a magnetic substance material,
the spring characteristics can be managed with the thickness
of the plate sprlng 28.

(2) The eflect (1) makes 1t easy to manage the character-
istic value of the first dynamic vibration absorber 10A 1n a
state where no magnetic field 1s applied, and makes small the
variation in the characteristics of the dynamic vibration
absorber due to temperature and the like.

(3) The dynamic vibration absorber exhibits very high
durability performance 1n a minute oscillation range, which
1s helptul 1n restricting its displacement during large oscil-
lation.

(4) By employing the structure where the second elastic
member 18B (plate spring 28) made of a magnetic substance
material 1s used and the first elastic member 18 A 1s disposed
in the closed magnetic path 42, 1t 1s possible to achieve, at
low cost, a dynamic vibration absorber, 1n particular a
characteristic value variable dynamic vibration absorber
whose characteristics are easy to manage and whose dura-
bility performance is high.

(5) The formation of the closed magnetic path 42 with a
magnetic substance material enables a magnetic field to act
on the first elastic member 18A (MRE) efliciently, thereby
achieving power-saving and eflicient vibration damping
characteristics.

(6) Since the plate spring 28 has the configuration where
the multiple cutout portions 284 (see FIG. 2C) are arranged
radially, accurate transmission of a magnetic field 1s possible
in the magnetic path 42 formed between the first mounting
member 30A secured on the vibration damping target mem-
ber 12 and the second mounting member 30B on which the
movable mass 46 1s mounted.

(7) Since the electromagnet 22 1s elastically-coupled to
both of the first elastic member 18A and the second elastic
member 18B, it 1s possible to form a closed magnetic path
ciliciently with a small number of components.

Next, a dynamic vibration absorber according to a second
embodiment of the present disclosure (hereinafter stated as
a “second dynamic vibration absorber 10B”) 1s described
with reference to FIGS. 4A and 4B.

As 1llustrated 1in FIG. 4A, the second dynamic vibration
absorber 10B has almost the same configuration as the first
dynamic vibration absorber 10A described above, but is
different in that it has: two mass members (a first mass
member 20A and a second mass member 20B); three elastic
members (the first elastic member 18A, the second elastic
member 18B, and a third elastic member 18C); and two
clectromagnets (a {first electromagnet 22A and a second
clectromagnet 22B).

The first mounting member 30A has a central annular
portion 34¢ 1n addition to the upper annular portion 34a and
the lower annular portion 34b. The second mounting mem-
ber 30B also has a central support plate 36¢ 1n addition to the
upper support plate 36a and the lower support plate 365.

The first mass member 20A 1s secured in the space
between the upper support plate 36a and the central support
plate 36¢ of the second mounting member 30B, and the
second mass member 20B 1s secured 1n the space between
the lower support plate 365 and the central support plate 36c¢
of the second mounting member 30B. The {first electromag-
net 22A 1s secured on the first mounting member 30A at a
position opposed to the first mass member 20A, 1.e., in the
space between the upper annular portion 34a and the central
annular portion 34¢, and the second electromagnet 22B 1s
secured on the first mounting member at a position opposed
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to the second mass member 20B, 1.e., 1n the space between
the lower annular portion 345 and the central annular portion
34c.

The first elastic member 18A (MRE) 1s placed between
the central annular portion 34¢ of the first mounting member
30A and the central support plate 36¢ of the second mount-
ing member 30B.

The second elastic member 18B (plate spring 28) 1s
placed above the first mass member 20A in the housing 16.
Specifically, the outer circumierential side annular portion
28a (see FIG. 2C) of the second elastic member 18B 1is
pinched by the upper face of the first electromagnet 22A and
the lower face of the upper annular portion 34a of the first
mounting member 30A, and the mner circumierential side
annular portion 285 of the second elastic member 18B 1s
secured on the upper support plate 36a of the second
mounting member 30B. The spindle 38 of the second
mounting member 30B 1s inserted, at 1ts upper end part, in
the central hole 40 of the second elastic member 18B.

The third elastic member 18C 1s formed from the plate
spring 28 (see FIG. 2C) made of a magnetic substance
material as 1 the second elastic member 18B, and 1s placed
below the second mass member 20B in the housing 16.
Specifically, the outer circumierential side annular portion
28a (see FIG. 2C) of the third elastic member 18C 1s secured
in the space between the lower face of the second electro-
magnet 22B and the upper face of the lower annular portion
346 of the first mounting member 30A, and the inner
circumierential side annular portion 285 (see FI1G. 2C) of the
third elastic member 18C 1s secured on the lower support
plate 366 of the second mounting member 30B. The spindle
38 of the second mounting member 30B is inserted, at 1ts
lower end part, in the central hole 40 of the third elastic
member 18C.

In the second dynamic vibration absorber 10B, the first
mass member 20A, the second mass member 20B, and the
second mounting member 30B constitute the movable mass
46 (see FIG. 3). Thus, the first elastic member 18A made of
the MRE 1s elastically-coupled to a central part of the
movable mass 46, the second elastic member 18B formed
from the plate spring 28 1s elastically-coupled to an upper
part of the movable mass 46, and the third elastic member
18C also formed from the plate spring 28 is elastically-
coupled to a lower part of the movable mass 46.

To put 1t differently, the elastic members elastically-
coupled to the movable mass 46 can be placed symmetri-
cally. Thus, when the spindle 38 of the second mounting
member 30B extends in the vertical direction, it 1s possible
to reduce a noise factor such as a difference in displacement
between upper and lower parts of the movable mass 46.
Meanwhile, when the spindle 38 of the second mounting
member 30B extends in the direction orthogonal to the
vertical direction, 1t 1s possible to reduce a noise factor such
as a diflerence 1n displacement between left and right parts
of the movable mass 46. This makes it possible to remove or
simplily circuits and anthmetic processing for reducing
these noise factors, and thereby achieve eflicient vibration
damping characteristics.

A winding constituting the first electromagnet 22A 1s
wound along the circumierential direction of the first mass
member 20A, and a winding constituting the second elec-
tromagnet 22B 1s wound along the circumierential direction
of the second mass member 20B. In addition, as described
previously, the first mounting member 30A, the second
mounting member 30B, and the second elastic member 18B
are made of a magnetic substance material. That 1s to say, as
illustrated 1 FIG. 4B, in the second dynamic vibration
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absorber 10B, a first closed magnetic path 42A 1s formed by
an upper part of the first mounting member 30A, the first
clastic member 18A, an upper part of the second mounting
member 30B, and the second elastic member 18B, and a
second closed magnetic path 42B 1s formed by a lower part
of the first mounting member 30A, the first elastic member
18A, a lower part of the second mounting member 30B, and
the third elastic member 18C. In other words, the second
dynamic vibration absorber has a configuration where the
first elastic member 18A (MRE) 1s disposed in the first
closed magnetic path 42A and the second closed magnetic
path 42B.

Accordingly, when a positive drive current 1s flowed
through the windings of the first electromagnet 22 A and the
second electromagnet 22B, for example, magnetic fields 1n
opposite directions are generated from the first electromag-
net 22A and the second electromagnet 22B as 1llustrated in
FIG. 4B. Specifically, first magnetic lines of force 44A
directed from an outer circumierential portion to an 1nner
circumierential portion of the first elastic member 18A are
formed around the first electromagnet 22A, and second
magnetic lines of force 44B also directed from the outer
circumierential portion to the inner circumierential portion
of the first elastic member 18A are formed around the second
clectromagnet 22B. In this case, in the first elastic member
18A, multiple magnetic lines of force pass through the first
clastic member 18A by the combination of the first magnetic
lines of force 44 A formed by the first electromagnet 22A and
the second magnetic lines of force 44B faulted by the second
clectromagnet 22B, and thus the strength of the magnetic
field applied on the first elastic member 18 A 1s increased. In
addition, the strength of the magnetic field varies with the
drive currents flowed through the winding of the {first
clectromagnet 22A and the winding of the second electro-
magnet 22B, and the strength of a magnetic field to be
generated increases as the drive currents increase.

Likewise, although not illustrated, when a negative drive
current 1s tlowed through the windings of the first electro-
magnet 22A and the second electromagnet 22B, the first
magnetic lines of force 44A directed from the 1nner circum-
terential portion to the outer circumierential portion of the
first elastic member 18A are formed around the first elec-
tromagnet 22A, and the second magnetic lines of force 448
also directed from the mner circumierential portion to the
outer circumierential portion of the first elastic member 18A
are formed around the second electromagnet 22B. In this
case also, the multiple magnetic lines of force pass through
the first elastic member 18A, and thus the strength of a
magnetic field applied on the first elastic member 18A 1s
increased.

In this way, the second dynamic vibration absorber 10B
also brings about the eflects (1) to (7) described above.
Moreover, since the dynamic vibration absorber includes the
multiple closed magnetic paths for controlling the first
clastic member 18A, a bundle of magnetic fields can act on
the first elastic member 18A, thereby achieving power-
saving and eflicient vibration damping characteristics.

Next, a dynamic vibration absorber according to a third
embodiment of the present disclosure (hereinafter stated as
a “third dynamic vibration absorber 10C”") 1s described with
reterence to FIGS. SA and 5B.

As 1llustrated 1 FIG. SA, the third dynamic vibration
absorber 10C has almost the same configuration as the
second dynamic vibration absorber 10B described above,
but 1s different 1n the following points.

Specifically, a fourth elastic member 18D formed from the
plate spring 28 (see FIG. 2C) made of a magnetic substance
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1s elastically-coupled to a central part of the movable mass
46 formed from the first mass member 20A, the second mass
member 20B, and the second mounting member 30B, a fifth
clastic member 18E made of the MRE 1s elastically-coupled
to an upper part ol the movable mass 46, and a sixth elastic
member 18F also made of the MRE 1s elastically-coupled to
a lower part of the movable mass 46.

Specifically, the outer circumierential side annular portion
28a (see FIG. 2C) of the fourth elastic member 18D (plate
spring 28) 1s secured in the space between the lower face of
the first electromagnet 22 A and the upper face of the second
clectromagnet 22B, and the iner circumierential side annu-
lar portion 285 of the fourth elastic member 18D 1s secured
on the central support plate 36¢ of the second mounting
member 30B. The spindle 38 of the second mounting
member 30B 1s inserted, at its central part, 1n the central hole
40 (see FIG. 2C) of the fourth elastic member 18D.

The fifth elastic member 18E (MRE) 1s placed between
the upper annular portion 34q of the first mounting member
30A and the upper support plate 36a of the second mounting
member 30B.

The sixth elastic member 18F (MRE) 1s placed between
the lower annular portion 345 of the first mounting member
30A and the lower support plate 365 of the second mounting
member 30B.

The third dynamic vibration absorber 10C also brings
about the eflfects (1) to (7) described above. Moreover, the
clastic members elastically-coupled to the movable mass 46
can be placed symmetrically. Thus, when the spindle 38 of
the second mountmg member 30B extends 1n the vertical
direction, 1t 1s possible to reduce a noise factor such as a
difference 1 displacement between the upper and lower
parts of the movable mass 46. Meanwhile, when the spindle
38 of the second mounting member 30B extends in the
direction orthogonal to the vertical direction, it 1s possible to
reduce a noise factor such as a difference 1n displacement
between the left and right parts of the movable mass 46. This
makes 1t possible to remove or simplily circuits and arith-
metic processing for reducing these noise factors, and
thereby achieve ellicient vibration damping characteristics.

In addition, as illustrated in FIG. 5B, in the third dynamic
vibration absorber 10C, the first closed magnetic path 42A
1s formed by the upper part of the first mounting member
30A, the fourth elastic member 18D, the upper part of the
second mounting member 30B, and the fifth elastic member
18E, and the second closed magnetic path 42B is formed by
the lower part of the first mounting member 30A, the fourth
clastic member 18D, the lower part of the second mounting
member 30B, and the sixth elastic member 18F. In other
words, the third dynamic vibration absorber has a configu-
ration where the fifth elastic member 18E (MRE) 1s disposed
in the first closed magnetic path 42A and the sixth elastic
member 18F (MRE) 1s disposed 1n the second closed mag-
netic path 42B.

Accordingly, when a positive drive current 1s flowed
through the windings of the first electromagnet 22A and the
second electromagnet 22B, for example, the first magnetic
lines of force 44A directed from the inner circumierential
portion to the outer circumierential portion of the fifth
clastic member 18E (MRE) are formed around the first
clectromagnet 22A, and the second magnetic lines of force
448 also directed from the inner circumierential portion to
the outer circumierential portion of the sixth elastic member
18F (MRE) are formed around the second electromagnet
22B.

Likewise, although not illustrated, when a negative drive
current 1s tlowed through the windings of the first electro-
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magnet 22A and the second electromagnet 22B, the first
magnetic lines of force 44A directed from the outer circum-
ferential portion to the mner circumierential portion of the
fifth elastic member 18E are formed around the first elec-
tromagnet 22A, and the second magnetic lines of force 448
also directed from the outer circumierential portion to the
inner circumierential portion of the sixth elastic member
18F are formed around the second electromagnet 22B.

In this way, since the third dynamic vibration absorber
includes the multiple closed magnetic paths (the first closed
magnetic path 42A and the second closed magnetic path

42B) for controlling the multiple elastic members made of
the MRE (the fifth elastic member 18E and the sixth elastic
member 18F), the dynamic vibration absorber can be set to
have appropriate elastic characteristics by controlling the
strength of magnetic fields to act on these closed magnetic
paths.

Next, a dynamic vibration absorber according to a fourth
embodiment of the present disclosure (hereinafter stated as
a “fourth dynamic vibration absorber 10D”’) 1s described
with reference to FIG. 6.

As 1llustrated 1 FIG. 6, the fourth dynamic vibration
absorber 10D has almost the same configuration as the
second dynamic vibration absorber 10B described above,
but 1s different in the following point.

Specifically, the spindle 38 of the second mounting mem-
ber 30B penetrates an upper part of the housing 16 and the
base 14, 1.¢., 1s r1ot restricted by the housing 16 and the base
14.

In addition, the first mass member 20A 1s secured on the
upper iner wall of the first mounting member 30A, and the
second mass member 20B 1s secured on the lower inner wall
of the first mounting member 30A. The first electromagnet
22 A 1s secured 1n the space between the upper support plate
364 and the central support plate 36¢ of the second mounting
member 308, and the second electromagnet 22B 1s secured
in the space between the lower support plate 366 and the
central support plate 36¢ of the second mounting member
30B. In other words, the fourth dynamic vibration absorber
has a structure where the first electromagnet 22A and the
second electromagnet 22B exist on the mner side of the first
mass member 20A and the second mass member 20B.

The first elastic member 18A (MRE) 1s placed between
the central annular portion 34¢ of the first mounting member
30A and the central support plate 36¢ of the second mount-
ing member 30B.

The outer circumierential side annular portion 28a (see
FIG. 2C) of the second elastic member 18B (plate spring 28)
1s pinched by the upper face of the first mass member 20A
and the lower face of the upper annular portion 34a of the
first mounting member 30A, and the inner circumierential
side annular portion 286 of the second elastic member 18B
1s secured on the upper support plate 36a of the second
mounting member 30B.

The outer circumierential side annular portion 28a (see
FIG. 2C) of the third elastic member 18C (plate spring 28)
1s secured 1n the space between the lower face of the second
mass member 20B and the upper face of the lower annular
portion 345 of the first mounting member 30A, and the inner
circumierential side annular portion 2856 of the third elastic
member 18C 1s secured on the lower support plate 365 of the
second mounting member 30B. Accordingly, the first mass
member 20A, the second mass member 20B, and the vibra-

tion damping target member 12 constitute the movable mass
46 (see FIG. 3) of the fourth dynamic vibration absorber
10D.
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As 1n the second dynamic vibration absorber 10B, the
fourth dynamic vibration absorber 10D also brings about the
elfects (1) to (7) described above. Moreover, since the
dynamic vibration absorber includes the multiple closed
magnetic paths for controlling the first elastic member 18 A,
a bundle of magnetic fields can act on the first elastic
member 18A, thereby achieving power-saving and eflicient
vibration damping characteristics.

Next, a vibration 1solator 100 according to an embodi-
ment of the present disclosure 1s described with reference to
FIG. 7.

The vibration 1solator 100 has a configuration similar to
the first dynamic vibration absorber 10A described above,
but 1s different 1n the following points.

Specifically, the first mounting member 30A placed on the
inner wall of the housing 16 and the vibration damping
target member 12 (1llustrated with a chain double-dashed
line) are coupled to each other with the base 14 interposed
therebetween. The spindle 38 of the second mounting mem-
ber 30B penetrates the housing 16, and a vibration source
102 (illustrated with a chain double-dashed line) 1s coupled
to an upper part of the spindle 38 that penetrates an upper
part of the housing 16. In addition, no mass member 1s
secured on the second mounting member 30B. To put it
simply, the vibration 1solator has a structure with no mass
member. Accordingly, the vibration damping target member
12 constitutes the movable mass of the vibration 1solator
100. An engine 1s one of examples of the vibration source
102, and a subirame 1s one of examples of the vibration
damping target member 12.

The vibration 1solator 100 also reduces the vibration of
the vibration damping target member 12 by vibrating with an
opposite phase to that of the vibration frequency of the
vibration source 102. As described previously, since the
clastic modulus of the first elastic member 18 A varies by the
formation of a magnetic field, 1t 1s possible to set the
resonant frequency f of the vibration 1solator 100 equal to
the vibration : requency of the vibration source 102 even 1t
the vibration frequency varies.

In particular, since the second elastic member 18B formed
from the plate spring 28 made of a magnetic substance 1s
installed 1n addition to the first elastic member 18A made of
the MRE, 1t 1s possible to restrain the movable mass from
moving downward relative to its reference position due to
gravity, and restrain upper and lower parts of the movable
mass from becoming asymmetrical due to age deterioration
of the first elastic member 18A. Thereby, the vibration
isolator 100 can favorably exhibit its vibration damping
characteristics.

|Summary of Embodiments]

As has been described, the dynamic vibration absorber
according to the above embodiment 1s a characteristic value
variable dynamic vibration absorber including: the vibration
damping target member 12 that vibrates; and the movable
mass 46 that 1s elastically-coupled to the vibration damping
target member 12 via the MRE as the first elastic member
18A having elastic characteristics variable with a magnetic
field, and being capable of varying a vibration characteristic
value of the movable mass 46 by controlling the magnetic
field, the dynamic vibration absorber being characterized 1n
that i1t has the second elastic member 18B different from the
MRE, and the vibration damping target member 12 and the
movable mass 46 are elastically-coupled to each other via
the second elastic member 18B.

In this embodiment, the dynamic vibration absorber may
be configured such that the second elastic member 18B 1s
formed from the plate spring 28 made of a magnetic sub-
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stance material, the movable mass 46 forms the closed
magnetic path 42 together with the first elastic member 18A
and the second eclastic member 18B, and the dynamic
vibration absorber varies the vibration characteristic value of
the movable mass 46 by controlling the magnetic field in
accordance with the vibration of the vibration damping
target member 12. In this case, the plate spring 28 may
include the multiple cutout portions 284 that are arranged
radially.

In this embodiment, the dynamic vibration absorber may
be configured such that it includes the electromagnet 22
capable of controlling the magnetic field, and the electro-
magnet 22 1s elastically-coupled to both of the first elastic
member 18A and the second elastic member 18B.

Meanwhile, the dynamic vibration absorber according to
the embodiment 1s a characteristic value variable dynamic
vibration absorber including: the vibration damping target
member 12 that vibrates; the first mounting member 30A
that 1s coupled to the vibration damping target member 12;
the first electromagnet 22A and the second electromagnet
22B that are equipped 1n the first mountlng member 30A and
configured to generate magnetic ficlds i opposite direc-
tions; and the three or more multiple elastic members that
clastically-couple the first mounting member 30A and the
movable mass 46 to each other, and being capable of varying,
a vibration characteristic value of the movable mass 46 by
controlling the magnetic field of the first electromagnet 22A
and/or the magnetic field of the second electromagnet 22B
in accordance with the vibration of the vibration damping
target member 12, the dynamic vibration absorber being
characterized 1n that at least one of the multiple elastic
members 1s formed from an MRE.

In this embodiment, the dynamic vibration absorber may
be configured such that at least one of the multiple elastic
members 1s made of the MRE and the remaiming multiple
clastic members are formed from the plate spring 28 made
ol a magnetic substance material, and the movable mass 46
torms the first closed magnetic path 42A together with the
first electromagnet 22A and forms the second closed mag-
netic path 42B together with the second electromagnet 22B.
In this case, the plate spring 28 may include the multiple
cutout portions 284 that are arranged radially.

In this embodiment, the dynamic vibration absorber may
be configured such that the first electromagnet 22A and the
second electromagnet 22B are elastically-coupled to the
multiple elastic members.

The vibration 1solator 100 according to the embodiment 1s
a characteristic value variable vibration isolator including:
the second mounting member 30B that 1s coupled to the
vibration 1solator on a side thereof close to the vibration
source 102; the first mounting member 30A that 1s coupled
to the wvibration 1solator on a side thereol close to the
vibration damping target member 12 vibrating with the
vibration source 102; and the first elastic member 18A and
the second elastic member 18B that elastically-couple the
first mounting member 30A and the second mounting mem-
ber 30B to each other, the vibration 1solator being charac-
terized in that the first elastic member 18A 1s made of an
MRE having elastic characteristics variable with a magnetic
field, and the second elastic member 18B 1s an elastic
member different from the MRE.

In this embodiment, the vibration isolator may be con-
figured such that the second elastic member 18B 1s formed
from the plate spring 28 made of a magnetic substance
material, a movable mass forms the closed magnetic path 42
together with the first elastic member 18A and the second
elastic member 18B, and the wvibration i1solator varies the
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vibration characteristic value of the movable mass by con-
trolling the magnetic field 1 accordance with the vibration
of the vibration source. In this case, the plate spring 28 may
include the multiple cutout portions 284 that are arranged
radially.

In this embodiment, the vibration 1solator may be con-
figured such that it includes the electromagnet 22 capable of
controlling the magnetic field, and the electromagnet 22 1s
clastically-coupled to both of the first elastic member 18A
and the second elastic member 18B.

Note that the invention 1s not limited to the above embodi-
ments, and can naturally take various configurations based
on what 1s described 1n this specification. Although a specific
form of embodiment has been described above and 1llus-
trated 1n the accompanying drawings in order to be more
clearly understood, the above description 1s made by way of
example and not as limiting the scope of the invention
defined by the accompanying claims. The scope of the
invention 1s to be determined by the accompanying claims.
Various modifications apparent to one of ordinary skill in the
art could be made without departing from the scope of the
invention. The accompanying claims cover such modifica-
tions.

The mmvention claimed 1s:

1. A characteristic value variable dynamic wvibration
absorber comprising:

a vibration damping target member that vibrates;

a magneto-rheological elastomer as a first elastic member
having an elastic characteristic variable corresponding
to a magnetic field;

a movable mass that 1s elastically-coupled to said vibra-
tion damping target member via the magneto-rheologi-
cal elastomer, the dynamic vibration absorber varying
a vibration characteristic value of said movable mass
by controlling said magnetic field, wherein

said dynamic vibration absorber further comprises a sec-
ond elastic member different from said magneto-rheo-
logical elastomer, and

said vibration damping target member and said movable
mass are elastically-coupled to each other via said
second elastic member,

wherein said second elastic member 1s made by a plate
spring made of a magnetic substance material.

2. The characteristic value variable dynamic vibration

absorber according to claim 1, wherein

said movable mass forms a closed magnetic path together
with said first elastic member and said second elastic
member, and

satid dynamic vibration absorber varies said vibration
characteristic value of said movable mass by control-
ling said magnetic field in accordance with vibration of
said vibration damping target member.

3. The characteristic value variable dynamic vibration

absorber according to claim 2, wherein

said plate spring includes a plurality of cutout portions
that are arranged radially.

4. The characteristic value variable dynamic vibration
absorber according to claim 1, further comprises an elec-
tromagnet that controls said magnetic field, and

said electromagnet 1s elastically-coupled to both of said
first elastic member and said second elastic member.

5. The characteristic value variable dynamic vibration
absorber according to claim 4, wherein

said movable mass forms a closed magnetic path together
with said first elastic member, said second elastic
member and the electromagnet, and
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said dynamic vibration absorber varies said vibration
characteristic value of said movable mass by control-
ling said magnetic field 1n accordance with vibration of
said vibration damping target member.

6. The characteristic value variable dynamic vibration 5
absorber according to claim 1, wherein the first elastic
member and the second elastic member extend parallel to
cach other.

18
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